Introduction
============

With increased average life expectancy over the past few decades, the global population is aging fast \[[@r1]\]. Meanwhile, the structure or function of physiological systems is slowing, progressively changing and deteriorating in the aging process. The effects of aging on structure and function of body and liver promote the occurrence of chronic liver disease, especially nonalcoholic fatty liver disease (NAFLD) among the elderly \[[@r2]\]. Histologically, the characteristic feature of NAFLD is liver fat deposition. Despite numerous researches in NAFLD, few effective approaches to degrade hepatic lipid droplet (LD) have been found.

Hibernation is an energy-limited period, during which organisms lower their metabolic rate to adapt to a colder winter or food restriction. The Chinese Soft-Shelled Turtle (*Pelodiscus sinensis*) usually started to hibernate in the middle of November and come out of hibernation in the middle of April \[[@r3],[@r4]\]. Before hibernation, the amount of triglyceride (TG) stored as LD in the liver of hibernating animals is significantly increased \[[@r5]\]. On entering hibernation, LD is gradually degraded \[[@r6]\]. Therefore, large amounts of lipids that accumulated in the non-hibernation period are gradually metabolized during hibernation \[[@r7]\]. This interesting phenomenon inspired us that understanding the molecular mechanism of hepatic LD breakdown in Chinese Soft-Shelled Turtle (*Pelodiscus sinensis*) during hibernation may therefore provide valuable insight towards a new therapy target for NAFLD.

LDs are main storage sites of cellular neutral lipids and widely existed in bacteria, yeast, plants, insects, and animal cells \[[@r8]\]. The biological functions of LDs did not attract researchers' attention until the discovery of lipid hydrolases \[[@r9]\] and lipid droplet structural proteins \[[@r10]--[@r14]\]. In the face of increasing energy demands by the body, TG stored in cellular LDs will be broken down via enzyme-catalyzed lipolysis. In this process, ATGL first hydrolyzes TG into diacylglycerol (DG) and DG is then decomposed to monoacylglycerol (MG) by hormone sensitive lipase (HSL). Ultimately, MG is catalytically hydrolyzed into glycerol by monoacylglycerol lipase (MGL). The fatty acids (FAs) produced at each hydrolytic step and glycerol are important sources of energy for the body. Furthermore, LD-related proteins have been proven to be involved in enzyme catalyzed lipolysis. In adipose tissues, phosphorylation of perilipin-1 via β-adrenergic activation of PKA increases ATGL activity \[[@r15],[@r16]\]. Nevertheless, in oxidative tissues, such as the liver and skeletal muscle, perilipin-5, rather than perilipin-1, directly anchors ATGL and its activator (CGI-58 also known as comparative gene identification-58) to improve the enzymatic activity \[[@r17]\]. Although the roles of lipid hydrolases and LD proteins related to LD decomposition have been widely studied *in vivo* and *in vitro*, the main experimental results were obtained using common animal models, such as mouse and rat. However, few studies in this field have been conducted to study its role in hibernating animals, let alone amphibians and reptiles.

To identify genes responsible for energy metabolism during hibernation, transcriptome sequencing studies have been conducted in hibernating animals. In the liver of American black bear (*Ursus americanus*), a 12,800 cDNA probe microarray experiment showed that genes involved in carbohydrate synthesis and fatty acid β-oxidation were up-regulated, while genes responsible for carbohydrate catabolism and lipid biosynthesis were down-regulated \[[@r18]\]. Transcriptome sequencing in the liver of Greater Horseshoe Bat (*Rhinolophus ferrumequinum*) \[[@r19]\] and thirteen-lined ground squirrel (*Spermophilus tridecemlineatus*) \[[@r20]\], also detected differentially expressed genes associated with metabolic depression and shifts in fuel utilization. Despite advances in identifying differentially expressed genes responsible for the seasonal accommodation, the specific molecular mechanisms underlying LD hydrolysis in the liver of hibernating animals remain unclear. Therefore, in the present study, we aimed to study the dynamic mechanism responsible for LD breakdown during hibernation in the liver of the Chinese Soft-Shelled Turtle (*Pelodiscus sinensis*).

RESULTS
=======

Changes in LD and TG contents in the liver during hibernation
-------------------------------------------------------------

Under TEM, we observed that the numbers of LDs per hepatocyte in the hibernation group were much lower than those in the non-hibernation group ([Figure 1A, C](#f1){ref-type="fig"}). Oil red O staining further indicated the significant decrease in LD contents under light microscopy ([Figure 1B, D](#f1){ref-type="fig"}). Additionally, the hepatic TG contents were dramatically decreased in the hibernation group compared with those in the non-hibernation group ([Figure 1E](#f1){ref-type="fig"}). These results showed that the hepatic LD and TG contents in the liver of the Chinese soft-shelled turtle were decreased during hibernation.

![**Differences in the lipid droplet (LD) and triglyceride (TG) contents in the liver during hibernation and non-hibernation group.** (**A**) Transmission electron microscopy (TEM) image of hepatocytes; (**B**) Oil Red O staining of the liver; (**C**) Statistics of LD numbers in the hepatic TEM image; (**D**) Statistics of LD areas; (**E**) Analysis of TG in the liver.](aging-11-101887-g001){#f1}

Lipolysis-stimulating effects were enhanced during hibernation
--------------------------------------------------------------

Using RT-PCR, we found that the mRNA expression levels of lipolysis-related genes (carnitine palmitoyltransferase 1A (*CPT1*), peroxisome proliferator activated receptor alpha (*PPARα*), and apolipoprotein B (*APOB*)) were increased, whereas the mRNA expression levels of lipogenesis-related genes (fatty acid synthase (*FAS*), acetyl CoA carboxylase (*ACC*), sterol regulator element binding protein (*SREBP*) and malic enzyme (ME)) were decreased in the hibernation group compared with those in the non-hibernation group ([Figure 2](#f2){ref-type="fig"}). This indicated that lipolysis is up-regulated and lipogenesis is suppressed in the liver of Chinese soft-shelled turtle during hibernation. During lipolysis, cytoplasmic lipid hydrolases will remove FAs from LDs, promoting their access to mitochondria for cellular energy balance. Compared with the non-hibernation group, the contents of non-esterified free fatty acids (NEFAs) in the liver were significantly increased in the hibernation group ([Figure 3A](#f3){ref-type="fig"}). Meanwhile, the mRNA levels of regulatory enzymes for mitochondrial β-oxidation, such as short-chain acyl-CoA dehydrogenase (SCAD), medium-chain acyl-CoA dehydrogenase (MCAD), and very long-chain acyl-CoA dehydrogenase (VLCAD), were elevated in the hibernation group compared with those in the non-hibernation group ([Figure 3B](#f3){ref-type="fig"}). Under TEM, we observed that most mitochondria were circular or oval and maintained a certain distance from LDs in the non-hibernation group ([Figure 3C](#f3){ref-type="fig"}). By contrast, in the hibernation group, the shapes of partial mitochondria were transformed from round or oval to a crescent shape and the mitochondria were tightly associated with the LDs ([Figure 3C](#f3){ref-type="fig"}). Similarly, western blotting analysis showed that the protein levels of mitochondrial markers, including Cytochrome C, Cox IV and Tomm20, were up-regulated in the hibernation group compared with those in the non-hibernation group ([Figure 3D, E](#f3){ref-type="fig"}). This indicated that mitochondrial proliferation was promoted during hibernation. Collectively, these results suggested that lipolysis-stimulating effects in the liver of Chinese soft-shelled turtle were increased during hibernation.

![**Identification of differentially expressed genes in the liver of Chinese Soft-Shelled Turtle (*Pelodiscus sinensis*) between hibernation and non-hibernation group.** (**A**) The mRNA expression of lipolysis-related genes (*CPT1*, *PPARα* and *APOB*); (**B**) The mRNA level of lipogenesis-related genes (*FAS*, *ACC*, *SREBP* and *ME*).](aging-11-101887-g002){#f2}

![**Lipolysis was stimulated during hibernation.** (**A**) Contents of non-esterified free fatty acids (NEFAs) in the liver; (**B**) The mRNA expression of regulatory enzymes for mitochondrial β-oxidation (SCAD, MCAD and VLCAD); (**C**) Transmission electron microscopy (TEM) image of hepatocytes; (**D**) Western blotting analysis of mitochondrial markers (Cytochrome C, Cox IV and Tomm20); (**E**) Statistics of the western blotting results.](aging-11-101887-g003){#f3}

ATGL accumulation on the surface of hepatic LDs was increased during hibernation
--------------------------------------------------------------------------------

In lipolysis, ATGL dominates the initial hydrolytic process, releasing FAs and DGs from TGs \[[@r21]\]. ATGL recruitment onto the surface of LDs promotes LD degradation and TG hydrolysis \[[@r22]\]. First, we isolated LDs from livers as previously described \[[@r23]\]. The purity of the LDs was confirmed using Nile red and Colloidal blue staining ([Figure 4A, B](#f4){ref-type="fig"}). Compared with that in the non-hibernation group, the total content of ATGL in the liver and the content in the LDs were increased in the hibernation group. However, the level of ATGL in the cytosol was low and did not change during hibernation ([Figure 4C, D](#f4){ref-type="fig"}). As a main regulator of ATGL \[[@r24]\], the cAMP level was elevated in the hibernation group compared with that in the non-hibernation group ([Figure 4E](#f4){ref-type="fig"}). Likewise, PKA activity was significantly increased during hibernation ([Figure 4F](#f4){ref-type="fig"}). These data illustrated that cAMP/PKA signaling in the liver was activated during hibernation and that ATGL was accumulated on the surface of LDs.

![**Activated cAMP/PKA signal increased ATGL accumulation on the surface of LDs.** (**A**) Nile red staining of isolated LDs; (**B**) Colloidal blue staining of LDs, total membrane (TM), cytosol (Cyto) and post-nuclear supernatant (PNS) in the liver; (**C**) Western blot analysis of ATGL protein expression in the liver, LDs and cytosol; (**D**) Statistics of ATGL protein expression; (**E**) The cAMP level in the liver; (**F**) Differential phosphorylation of PKA in the liver.](aging-11-101887-g004){#f4}

Perilipin-5 phosphorylation and the interaction of perilipin-5 with ATGL and CGI-58 on hepatic LDs induced ATGL enzyme activity during hibernation
--------------------------------------------------------------------------------------------------------------------------------------------------

In oxidative tissues, such as the liver and skeletal muscle, perilipin-5 is expressed on LDs and participates in the regulation of ATGL \[[@r21]\]. Western blotting results revealed that during hibernation, the total perilipin-5 expression in the liver and in the cytosol decreased ([Figure 5A, B](#f5){ref-type="fig"}). However, the protein expression of perilipin-5 on LDs remained constant during hibernation ([Figure 5A, B](#f5){ref-type="fig"}). Through Co-IP, we discovered that the phosphorylation of perilipin5 on LD surface was increased during hibernation ([Figure 5A, C](#f5){ref-type="fig"}). Previous studies \[[@r25]\] indicated that CGI-58 is an activator of ATGL and could stimulate ATGL by forming a ternary complex of perilipin-5, ATGL, and CGI-58 during fasting. Compared with that in the non-hibernation group, the interaction of perilipin-5 with ATGL and CGI-58 increased in the hibernation group ([Figure 5D, E](#f5){ref-type="fig"}). These results suggested that phosphorylation of perilipin-5 and the interaction of perilipin-5 with ATGL and CGI-58 on the LDs were elevated and induced ATGL enzyme activity during hibernation.

![**Phosphorylation of perilipin-5 on LD induced CGI-58-mediated regulation of ATGL activity.** (**A**) Western blotting analysis of perilipin 5 protein expression and perilipin 5 phosphorylation; (**B**) Statistics of perilipin 5 protein expression in the liver, LDs and cytosol; (**C**) Statistics of perilipin 5 phosphorylation in LDs; (**D**) Analysis of the CGI-58/ATGL-perilipin 5 interaction; (**E**) Statistics of precipitated proteins.](aging-11-101887-g005){#f5}

DISCUSSION
==========

When they encounter a cold and food-limited winter, hibernating animals will drastically reduce their body temperature, heart rate, metabolic rate, and other physiological functions to minimize energy expenditure \[[@r26]\]. Prior to hibernation, hibernating animals rapidly gain weight and increase lipid contents through improving food intake \[[@r27]\]. During hibernation, stored lipids replace carbohydrate as the major energy source \[[@r19]\]. Meanwhile, various aspects of hibernating animals are found to be involved in the hibernation process. After several month of inactivity during hibernation, skeletal muscles of hibernating animals do not dramatically atrophy like non-hibernating animals in spite of partially muscle loss \[[@r28]\]. The discovery of resistance to muscle atrophy in hibernating animals would promote researches in age-related disuse muscle atrophy. Meanwhile, bone loss does not occur in black bear (*Ursus americanus*) and grizzly bear (*Ursus arctos horribilis*) during hibernation \[[@r29]\]. Using brown bears (*Ursus arctos*), the researchers found that winter bear serum could reduce the protein turnover of myotubes, thereby maintain muscle mass and strength during hibernation, and it might be useful for developing new tools to fighting human muscle atrophy \[[@r30]\]. In 13-lined ground squirrels (*Ictidomys tridecemlineatus*) \[[@r31]\], thrombosis and myocardial ischemia do not occur during hibernation (during which non-hibernating animals are more likely to get thrombosis and myocardial ischemia). This phenomenon indicates that hibernating mammalian animals are natural cardiovascular disease research models. As for white adipose tissues (WAT), the main lipids storage organ, hibernating animals storage excessive energy in WAT in active phase and count on WAT degradation during hibernation \[[@r6]\]. Besides, another brown bear paper in subcutaneous adipose tissue showed that increased expression of negative regulators of lipolysis could promote weight gain in summer \[[@r27]\]. As a thermogenic organ for maintaining body temperature, brown adipose tissue (BAT) has been found in the hibernators, such as thirteen-lined ground squirrel (*Ictidomys tridecemlineatus*) \[[@r32]\] and been implicated in therapy for obesity and type 2 diabetes \[[@r33]\]. However, it hasn't been studied in Chinese Soft-Shelled Turtle (*Pelodiscus sinensis*). In free-ranging brown bears (*Ursus arctos*), the gut microbiota in summer have increased diversity and promote energy storage than hibernation, thus reveals a new treatment for obesity and insulin resistance in age-related diseases \[[@r34]\]. These discoveries in hibernating animals indicate that they could be a potential animal model for age-related diseases (severe muscle atrophy, bone loss, thrombosis, myocardial ischemia, obesity and insulin resistance).

As a vital metabolic organ, liver could preserve excessive energy as TG in LDs and release free fatty acids in response to energy shortages. In the present study, the LD contents in hepatocytes and the hepatic TG contents were decreased, while the contents of NEFAs were significantly increased during hibernation in Chinese soft-shelled turtle. In hepatocytes, the contents of free fatty acids released from TGs are regulated by lipogenesis- and lipolysis-related genes. Consistent with these observations, in the liver of the Chinese Soft-Shelled Turtle, the mRNA expression levels of lipolysis-related genes (*CPT1*, *PPARα* and *ApoB*) increased and lipogenesis-related genes' (*FAS*, *ACC*, *SREBP* and *ME*) mRNA expression levels decreased during hibernation. To identify genes involved in this metabolic adjustment in the liver during hibernation, transcriptome studies have been carried on mammalian hibernators, for instance, American black bears \[[@r18]\], greater horseshoe bats \[[@r19]\] and ground squirrels \[[@r20]\]. The RNA-sequencing results indicated that genes involved in carbohydrate catabolism and lipid biosynthesis were down-regulated during hibernation, while genes responsible for lipid β-oxidation and protein biosynthesis were up-regulated. These differentially expressed genes demonstrated that the dominating energy metabolic pathways during hibernation switched from carbohydrate oxidation to β-oxidation of released fatty acids. Despite advances in identifying the hepatic genes responsible for metabolic transition, the molecular mechanism and signaling pathway underlying LD decomposition in hibernating animals remains unclear.

As the major hydrolytic enzyme responsible for TG, the regulation of ATGL expression and the consequent activation of its hydrolase activity are complex \[[@r35]\]. A serious of studies demonstrated that *ATGL* mRNA expression is increased by starvation \[[@r36]\], whereas food intake \[[@r37]\] decreases its expression. In addition, insulin \[[@r38]\], isoproterenol \[[@r39]\], mammalian target of rapamycin (mTOR) complex 1 \[[@r40]\], and tumor necrosis factor alpha (TNF-α) \[[@r39]\] could reduce the *ATGL* mRNA levels. Conversely, the mRNA and protein expression of *ATGL* are elevated by catecholamine \[[@r41]\], dexamethasone \[[@r36]\] and the activation of forkhead box protein O1 (FoxO1) \[[@r42]\]. To illustrate the underlying mechanism of the ATGL differential expression on LDs, we detected the possible triggers of the cAMP level and the PKA activity between hibernation and non-hibernation periods. We found that the activation of cAMP/PKA signaling during hibernation promoted ATGL recruitment onto the LD surface. CGI-58 is a coactivator protein for the full hydrolase activity of ATGL and deficiency of CGI-58 caused massive lipid accumulation in various tissues of mice \[[@r43]\]. Moreover, LD-associated proteins were recently proved to be involved in the CGI-58-mediated regulation of ATGL. In unstimulated adipose tissues, the interaction between perilipin-1 and CGI-58 prevents the combination of CGI-58 and ATGL, thus suppressing ATGL activation. In oxidative tissues, such as the liver and skeletal muscle, perilipin-5, rather than perilipin-1, regulates the activation of ATGL \[[@r17]\]. In the liver of the Chinese Soft-Shelled Turtle, the protein level of perilipin-5 decreased in the liver and cytosol, whereas the perilipin-5 content on LDs remained unchanged during hibernation. However, the phosphorylation of perilipin-5 on LDs increased. Meanwhile, the interaction between perilipin-5, CGI-58 and ATGL on the LDs increased during hibernation. These results indicated that phosphorylation of perilipin-5 on LDs induced ATGL enzyme activity through an interaction with CGI-58 and ATGL.

In summary, we proposed a model ([Figure 6](#f6){ref-type="fig"}) in which activated cAMP/PKA signaling during hibernation promotes the recruitment of ATGL onto the LD surface in the liver of Chinese Soft-Shelled Turtle. Meanwhile, the phosphorylation of perilipin-5 activates ATGL enzyme activity via the interaction of perilipin-5 with ATGL and CGI-58 when entering hibernation. This mechanism underlying hepatic LD degradation could partly explain how hibernating animals maintain hepatic homeostasis and survive during hibernation. Accordingly, perilipin-5 and CGI-58 could be potential therapeutic targets for age-related chronic liver disease (such as NAFLD).

![**Schematic diagram of LD breakdown during hibernation in the liver of Chinese Soft-Shelled Turtle (*Pelodiscus sinensis*).** Entering hibernation, activated cAMP/PKA signals in the liver recruit ATGL to the surface of the LDs. Meanwhile, phosphorylation of perilipin-5 on the LD surface promotes the CGI-58-mediated induction of ATGL via the interaction between CGI-58 and ATGL. Ultimately, FAs hydrolyzed from TGs stored in LDs are transported into mitochondria for β-oxidation, thereby maintaining energy hemostasis in the body.](aging-11-101887-g006){#f6}

MATERIALS AND METHODS
=====================

Animals
-------

All procedures with turtles were conducted according to the Animal Research Institute Committee guidelines of Nanjing Agriculture University, China. Twenty 5-year old Chinese soft-shelled turtles were acquired from a wild breeding base in Nanjing, Southeast China (GPS coordinates N 32.050 E 118.783). The animals were collected in non-hibernation and hibernation periods. We feed the turtles in non-hibernation period and didn't feed turtles in hibernation periods. After at least 24 hours, the turtles were anesthetized using intraperitoneal sodium pentobarbital (20 mg/kg) and killed by cervical bleeding. A portion of the liver was sampled immediately after death and prepared for transmission electron and light microscopy. The remaining part was kept under −70 °C for reverse transcription polymerase chain reaction (RT-PCR) and western blotting analysis. The Science and Technology Agency of Jiangsu Province and Nanjing Agricultural University Veterinary College approved the sampling procedures. The approval ID is SYXK (SU) 2010-0005. All efforts were made to minimize the animals' suffering.

Transmission electron microscopy (TEM)
--------------------------------------

The turtle liver was instantly sampled and cut into 1-mm^3^ blocks. The blocks were then immersed 2.5% glutaraldehyde overnight. Thereafter, the tissues were fixed in 1% osmium tetroxide and dehydrated in ascending concentrations of ethyl alcohol. Ethyl alcohol in the tissues was then substituted by acetone. Finally, the tissues were embedded in Epon812. Ultrathin slides were sectioned using an ultramicrotome and double stained with uranyl acetate and lead citrate. TEM images were taken under a Hitachi H-7650 instrument.

Oil Red O staining
------------------

First, 6-μm-thick frozen slices were fixed in 10% neutral formalin for 10 minutes. After washing with distilled water for 2 minutes three times, the slides were immersed in Oil Red O solution for 10 minutes. Subsequently, the slides were washed with warm distilled water at 37 °C for 15 seconds. After counterstaining with hematoxylin for 2 minutes, the slides were rinsed with tap water for 60 seconds. Images were collected under a light microscope (Olympus DP73).

Isolating LD and verifying the quality of isolated LDs
------------------------------------------------------

Liver LDs were isolated following an optimized version of the method of Liu et al. \[[@r23]\]. The purity of the LDs was validated through Nile red and Colloidal blue staining.

Co-immunoprecipitation
----------------------

Liver homogenates were lysed using co-immunoprecipitation (Co-IP) lysis buffer on ice for 30 minutes. The supernatants were collected after centrifugation at 12000 × *g* for 30 minutes at 4 °C. A small quantity of lysate was stored for western blot analysis. The immunoprecipitating antibodies and protein A/G beads were added into the remaining lysate, and then incubated at 4 °C overnight. After immunoprecipitation, the protein A/G beads were pelleted by centrifugation at 3000 × *g* for 5 minutes. The beads were washed with lysis buffer 3-4 times, and the proteins on the beads were extracted by adding protein loading buffer and boiling for 10 minutes. Subsequently, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting were conducted for analysis.

Western blotting
----------------

Samples of the livers from each group were homogenized using ice-cold radio immunoprecipitation assay (RIPA) buffer and centrifuged at 12000 × *g* for 10 minutes at 4 °C. Thereafter, the total protein concentration was determined using a BCA protein assay kit (Abcam, ab102536). Samples (40 µg of protein per lane) were subjected to electrophoresis on a 10% SDS-PAGE gel and then transferred onto PVDF membranes (Millipore, ISEQ00010). After nonspecific blocking in 5% nonfat milk, the membranes were incubated with antibodies recognizing cytochrome C, Cox IV, Tomm20, ATGL and perilipin 5, overnight at 4 °C. After washing with TBST, the membranes were incubated with peroxidase-linked goat anti-rabbit IgG (1:5000, Bioworld Technology Inc., BS13278) for 2 h. Following incubation, the bound antibodies were visualized using High-sig ECL Western Blotting Substrate (Tannon). Immunoreactive bands were quantiﬁed using Quantity One software (Bio-Rad Laboratories) ([Supplementary Figure S1](#SD1){ref-type="supplementary-material"}).

RT-PCR
------

Total RNA of the turtle liver was extracted using the Trizol reagent. The purity of the extracted RNA was evaluated using the absorbance ratio at 260 and 280 nm (A260/A280) and the samples with ratios between 1.8 and 2.0 used in the next step. Total RNA was reverse transcribed into cDNA using the SuperScript First-Strand Synthesis System. Specific primers were designed using Primer3 Input (version 0.4.0) ([Table 1](#t1){ref-type="table"}) and the β-actin gene was used as an internal control.

###### Primers used for RT-qPCR analysis in *P. sinensis.*

  --------------- ---------------------------- --------------------------------
  **Gene name**   **Sense primer (5\'-3\')**   **Antisense primer (5\'-3\')**
  CPT1A           GCATGTTATTCCCACCTCCCT        TCCTGGGATACGGGAGGTATT
  PPARA           ACAGGTGAACAGGATGTGGAA        TCTCTGCCATACACAGCGTT
  APOB            CAGCCATCCAGGCATTGAGA         CTTGCTAAGATCGGACGGGG
  FASN            CTCTCTGCCATCTCCCGAAC         GACTCCCATCTCCCTCCACT
  ACACA           CATCCTTGGCTCTGTGTCTGA        TTACAAGGTGCAAGCCGGAC
  SREBF1          CTTCGTGTGAAGACCAGCCT         GCTGTAGATGCTGTCCCTCG
  ME1             ACGGCATGTGGAGGAATGAA         AGGCTTGACCCCTGACTCTT
  ACADS           CCTTGGAAAGTGCTCGCTTG         ACAGTTGTGAAGCGTGTTCC
  ACADM           GGCCTTGGCTCTTTTGAAGC         GCTCCAGGTTCTGTTACGCA
  ACADVL          GGAGAGACAATCGCTGCCTT         GTCCTTCACAGGGGTCTTGG
  --------------- ---------------------------- --------------------------------

Statistical analysis
--------------------

All data were presented as the means ± SE. The TEM pictures were imported into Image J software for statistical data analysis. The statistical analysis was performed using SPSS software version 14.0 with t tests and nonparametric tests. The data were considered statistically significant when P \< 0.05.
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